Our purpose was to conduct a new analysis to update and extend previously published trends of fructose availability and showed an increase, this increase was dwarfed by greater increases in total daily energy and carbohydrate intakes. J.
Introduction
Many historians and anthropologists have recounted the global history and economic impact of sugar (sucrose). A historical analysis showed that although in 1000 A.D. few Europeans knew of the existence of sucrose, by 1650, it was a pervasive part of medicine, food, and literary images. By 1900, sucrose supplied almost 20% of the energy in the English diet, and, based on commodities information, British use of sugar had increased by 2500% in 150 y (1) . Changes in food technology over the last 30+ years have led to a new chapter in the history of sugar, specifically the change in the sweetener composition in the food supply (2) .
USDA food availability data indicate the volume of commodities for potential consumption by the U.S. public. Using availability data from 1960 to 1990, Park and Yetley (2) demonstrated that although sucrose was the main sweetener in 1960 (;90% of total sweeteners, dry weight basis), the use of corn sweeteners steadily increased from near zero in 1960 to ;50% by 1985. The shift to corn sweeteners through the early 1970s was mainly from glucosebased sweeteners, but from 1974 to 1985, the increase in corn sweeteners represented a shift from glucose-based sweeteners to high-fructose corn syrup (HFCS). 8 By 1985, HFCS represented ;35% of sweeteners in the U.S. food supply. 2 Supported in full by a contract between ILSI North America and Abt Associates Inc. 3 Author disclosures: B. Marriott, N. Cole, and E. Lee, funding to support travel to the 18-19 March 2008 workshop "The State of the Science on Dietary Sweeteners Containing Fructose" and the writing of this resulting manuscript was provided by the International Life Sciences Institute, North American Branch. 4 Supplemental Figure 1 and Supplemental Tables 1-9 are available with the online posting of this paper at jn.nutrition.org. * To whom correspondence should be addressed. E-mail: bernadette_marriott@ abtassoc.com.
These researchers reported that the overall availability of sweeteners changed little from 1970 to 1985; however, the composition of sweeteners changed dramatically. In 1995, others extended this analysis of per capita availability of carbohydrate sweeteners from 1985 to 1992 and reiterated that the total amount of carbohydrate sweeteners remained fairly constant from 1960 to 1992 at 155 6 2.9 g/d but that the HFCS percentage of the total continued to increase (3) . Both reports identified the increase in HFCS availability as primarily resulting from the switch from sucrose to HFCS in sweetened beverages.
This change in type of sweetener availability was of interest because the timing of the increase in availability roughly paralleled the increase in overweight and obesity in the United States. Although some studies indicated that these parallel time frames were strong evidence for causality (4, 5) , human and animal studies that have focused systematically on the food source of fructose have shown that the issue is much more complex (6) (7) (8) . Because of proposed correlations between obesity and HFCS in beverages, there has been a sharp increase in human studies focused on fructose intake in sweetened beverages. However, overall experimental data are mixed. Some studies reported a link between sweetened drinks and 1 or more measures of obesity or another health outcome (6) (7) (8) (9) , yet other reports found no association or less conclusive results (10, 11) . Still other studies underscored the need to consider the complex nature of changes in intakes. For example, the percentage of 1548 10-y-old children in the Bogalusa Heart Study who consumed sweetened beverages over a 21-y period declined significantly; however, the gram amounts of these beverages did not decrease, and the total energy intake by the study participants remained the same. These authors did not find a linear relation among sweetened beverage consumption and BMI and total energy intake, although BMI significantly increased over the period (12) . Nonetheless, of sugars added to foods, fructose is the most often cited as a potential contributing factor to the increase in overweight because it has become the major sweetener in bread products and soft drink beverages.
In 1993, Park and Yetley (2) published nationally representative estimates of fructose intake in the U.S. diet. Fructose in food can be naturally occurring or added during food processing. To estimate fructose intake, they included the fructose found in foods (free fructose) and the fructose released from sucrose during digestion (bound fructose) (2). This study was based on dietary recalls from the 1977-1978 Nationwide Food Consumption Survey (NFCS). The NFCS and food composition databases that were associated with it did not contain measures of specific types of sugars in foods, such as sucrose and fructose. To estimate fructose intake, the 1978 NFCS data were combined with external food group-specific conversion factors (13) . More recent reviews and updates of fructose intake have continued to use the same food group-based approach because there are no current values for fructose in the food supply that can be directly linked to present national food intake surveys (3, 4) .
This study sought to update and extend the 1993 analysis of Park and Yetley (2) by 1) lengthening the trend analysis of the availability of sweeteners and food sources of fructose from 1990 to 2005 and 2) estimating mean daily intakes (DI) of fructose in the United States using the NHANES 1999-2004 dietary intake data.
Methods
Fructose availability. USDA food availability data indicate the volume of commodities for potential consumption by the U.S. public, as estimated from the total food supply and commodity flows from production to end uses. Food available for consumption exceeds actual consumption because not all forms of waste or loss can be estimated, such as during preparation and cooking in the home or in food service establishments (14) . Therefore, food availability data overstate levels of aggregate and per capita consumption but provide 1) information about trends over time in fructose availability for consumption and 2) information about the distribution of sugar types used by industry groups. Implicit in our examination of trends in fructose availability was the assumption that the percentage loss of fructose from the food supply has been constant over time.
We used per capita food availability data compiled by the USDA Economic Research Service (ERS). We presented availability data for sucrose and HFCS separately and grouped all other sweeteners (honey, edible syrups, crystalline fructose, and fructose-only syrups) into 1 category (other) because the total of their relative availability was small (15) . For the primary food sources of naturally occurring (N) fructose, we obtained availability data for fruits, vegetables, and flour and cereal products. For this study, we used NHANES 1999-2004 dietary recalls for 25,165 individuals age 1 y and older (excluding breast-fed infants and pregnant and lactating women). NHANES 1999-2004 interviewers used the 5-step multiple-pass method for estimating dietary intake, which improved accuracy of estimates over the dietary recall approach used in the NFCS (16) . We assessed usual DI of fructose using the Iowa State University approach. Usual DI is defined as the long-run average of DI by an individual, or the mean DI net of within-person variance. Because the observed intake distribution includes within-person and between-person variation, this method was developed for adjusting observed intake distributions to remove within-person variation (17) (18) (19) . These adjustments require 2 d or more of intake data for at least some subjects and can be done using Software for Intake Distribution Estimation (C-SIDE) (19) . (18, 20, 21) and using the C-SIDE software.
Statistical methods. The CDC released the NHANES 1999-2002 with sample weights for the interview sample and the examination sample from the mobile exam unit (MEC) but not a dietary recall sample. We recalibrated the MEC weights, consistent with What We Eat in America to account for nonresponse to the dietary recall and to provide proportionate weighting of weekday and weekend recalls (21) . NHANES 2003-2004 included dietary recall weights constructed according to the What We Eat in America methodology. After combining the 6 y of NHANES 1999-2004, we again recalibrated the dietary recall sample weights to construct 6-y weights, according to the NHANES analytic guidelines (22) . We then constructed jackknife weights for use in C-SIDE to control for the complex survey design.
After constructing estimates of fructose intake (g/d) at the individual level (described below), we constructed individual measures of fructose intake as a percentage of energy, carbohydrate, and kg body weight. Body weight was measured as part of the NHANES MEC examination. We used reference values of 1 kg body weight for persons with BMI outside the normal range (21) . For each of these 4 measures, we estimated mean usual DI and the distribution of usual DI for age and gender groups.
Estimation of fructose intake: added sugar in foods. NHANES and the USDA MyPyramid Equivalents Database (MPED) together provide
Fructose intake in the United States 1229S measures of dietary intake for total sugars and added sugars at the individual level. We show the structure and relevant content of NHANES Individual Food Files (IFF) and MPED IFF and the identifiers that link the databases together (Supplemental Fig. 1 ). After linking the NHANES and MPED files by respondent identifier and food record, we had a single database with measures of total sugar (g) and added sugar (1 teaspoon = 4.196 g). We converted added sugar to grams and calculated grams of N sugar as the difference between total and added sugar. NHANES and MPED do not include measures of types of sweeteners.
The Estimation of fructose intake: conversion factors. We used the same methods as the 1993 study (2) and estimated fructose intake by applying conversion factors to measures of added and N sugar in the NHANES IFF (13) . Conversion factors for added sugar represent the fructose percentage of added sugar for the food group, based on sugar deliveries to an industry sector such as bakery or confectionery. We used the USDA ERS data on deliveries of amount of sugar and sweeteners for human consumption by type of use to derive conversion factors for added sugar in the dietary survey data (14) . USDA ERS ceased publishing these data in complete form in 1992. Data released from 1992 to the most recent in 2002 are incomplete in several industry sectors resulting in an average of ,70% of overall industry sector deliveries of sweeteners in the 2002 data. Therefore, we used the last complete data from 1992 to calculate the conversion factors for estimating added fructose consumption by food group.
USDA data provide comparable measures of sweeteners by use for glucose, dextrose, HFCS-42, and HFCS-55. To calculate conversion factors, the total amount of each type of sweetener was multiplied by the sugar content of the sweetener (e.g., sucrose is 100% sugar; HFCS contains 98% sugar) to derive total sugar deliveries. The conversion factors were equal to the percentage of total sugar deliveries from each source: sucrose, HFCS, and other corn sweeteners. An additional conversion factor for fructose was calculated by multiplying the amount of sugars in HFCS by the fructose content of HFCS (HFCS-42 is 42% fructose; HFCS-55 is 55% fructose). Finally, we included estimates for free and bound (one-half the conversion factor for sucrose) fructose in our calculations (2) . One difference between our calculations and earlier studies is that earlier studies (2) assumed all HFCS used by the beverage industry was HFCS-55, whereas HFCS deliveries for all other uses were assumed to be 42% fructose. Currently, approximately half of HFCS-42 is used for beverages, whereas industrial use of HFCS-55 includes some foods as well as beverages. Industry sources report that they use HFCS-55 in carbonated soft drinks and HFCS-42 in many fruit-flavored noncarbonated beverages (23). Therefore, we applied different fructose conversion factors to carbonated and noncarbonated beverages.
Conversion factors for added sugar were derived for the 6 categories of use reported in USDA data on deliveries of sugar and sweeteners. To apply the conversion factors to dietary survey data, earlier studies assigned 13 food groups to the 6 food use categories (Table 1 ) (2,13). We used the same 13 food groups, assigning the food group codes to individual food records using the first 1 or 2 digits of the USDA food code. We then aggregated added sugar intakes by person and food group and applied the appropriate conversion factor for food groups to estimate fructose intakes from added sugars.
The main sources of N sugars are fruits (fructose) and milk (lactose). In addition, sucrose occurs naturally in fruits, vegetables, grain, legumes, and nuts. We used the conversion factors for naturally occurring fructose (N fructose) from the earlier studies which denoted the percentage of N sugars by source (sucrose and fructose) and food group, based on analytic data (13) . We used the same conversion factors because more recent data were not available. A stepwise summary of our analysis can be found in the Supplemental Material (Supplemental Table 1 ).
Results
Fructose availability in the food supply. Since the earlier report through 1993 (3), the change in per capita availability of total sweeteners (g/d dry weight) increased to a high of 187.9 g/d in 1999 (top line with the composition divided by sucrose, HFCS, and all other sweeteners: honey, edible syrups, crystalline fructose, and fructose-only syrups), then declined gradually to 175.6 g/d in 2003, and remained constant at 176 g/d through 2005 (Fig. 1 A) . At the peak of added sweetener availability in 1999 (187.9 g/d), the ratio of percentage sucrose to percentage HFCS was 44:42. Since 1999, total sweetener availability has declined, and the percentage ratio of sucrose to HFCS availability has remained constant. Since 1993, including adjustment for loss, the change in per capita availability of sweeteners has been small, but the composition of sweeteners has changed: total sweetener availability increased by 2. Earlier analysis of per capita availability of fresh fruits, fresh vegetables, and flour and cereal products from 1970 to 1988 reported an increased availability of these sources of N fructose over that 18-y period with 20% increase overall (2) . From 1988 to 2005 (Fig. 1 B) , the availability of these food categories has (25) , as in the previously published study (2) . Young men in age groups 15-18 y and 19-22 y had the highest estimated mean intake of total fructose: 75 g/d. Among women, the 15-18 y and 19-22 y age groups had the highest total fructose intake: 55 g/d and 61 g/d, respectively. Women overall had estimated fructose intakes that were lower than those of men among all age groups: 48.6 g/d vs. 62.8 g/d (data not shown).
Total and added fructose, as a percentage of energy, presented as 3-y moving averages of estimates by year of age for both genders combined, had the same pattern and increased from 1 y (9%; 5.8%) to 15-18 y (11%; 9.9%) and decreased with increasing age (Fig. 2 A) (3) . Estimated mean total fructose as percentage of energy plateaus after age 60 y at 7.6%. However, estimated intake of added fructose as percentage of energy decreased more rapidly than total fructose among persons .55 y.
N fructose intake as percentage of energy decreased from age 1 to 8 y and remained relatively constant at under 2% of energy until age .55 y, when it increased to over 2%. The estimated total energy intake across the age groups was 1817 kcal/d (4) in the 1977-1978 NFCS and 2148 kcal/d in the 1999-2004 NHANES, or an 18% increase in daily energy intake between the surveys (Supplemental Table 2 ).
Mean fructose intake as a percentage of carbohydrate intake ( Fig. 2 B) followed a similar age-dependent pattern as seen for fructose as percentage of energy intake. The peak in total and added fructose intake as a percentage of carbohydrates similarly was seen in young adults age 15 to 18 y ( 19.9 and 17.5%) with a steady decrease in total and added fructose intake as a percentage of carbohydrates with increasing age. The drop in fructose intake as a percentage of carbohydrate intake reflected an even more dramatic ;41% increase in carbohydrate intake from an Table 3 ).
For daily fructose intake by body weight for both genders combined, N fructose intake decreased with increasing age until ;11 y and then flattened at 0.1 g/kg body wt (Fig. 2 C) . Total and added fructose intake similarly decreased until age 11 y and then continued to decrease more gradually through age 77 y. Added fructose paralleled total fructose with age, and a slight increase in both occurred at 15 to 18 y (;1.1 g × kg 21 × d 21 and ;1.0 g × kg 21 × d
21
, respectively) (Supplemental Table 4 ).
Dietary sources of sweeteners. Across all gender and age groups, the highest mean percentage of added fructose intake was from nonalcoholic beverages (54.3%) and grain products (G) (20.3%) ( Table 3) . For N fructose, the predominant dietary sources were fruits and fruit products (FR) (72.5%). For total fructose, nonalcoholic beverages (46%) and G (17.3%) were the predominant dietary sources, overall. However, for children 1 to 3 y the predominant source of total fructose was FR (37.6%), and for children 4 to 6 y, nonalcoholic beverages (34.0%) predominated, followed by FR (21.2%). These differences for young children in the FR category undoubtedly reflected a higher intake of fruit juices and juice drinks in these age ranges. The combined food groups of FR and G exceeded the percentage for total fructose from nonalcoholic beverages for men (38.9 This study gave an overview of the trends in availability of added sweeteners and the major food sources of N fructose that can contribute to intake in the United States. The repeated tripling of availability of HFCS from 4 to 12 to 36% of total sweeteners across the 10 y from 1975 to 1980 to 1985 (56.1 g/d), The availability of the primary dietary sources of N fructose has increased more slowly since earlier reports (2) . Between 1978 and 2004, per capita availability of fresh fruits increased 23.3%, fresh vegetable availability increased 41%, and flour/ cereal product availability increased 34.7%. The availability of these sources of N fructose increased~10% in the last 17 y (since 1988) after increasing 20% in the previous 18 y (2).
Since the 1977-1978 NFCS data were collected, improvements have been made in data collection and analysis such as the use of interviewer-guided 24-h dietary recall with the researchvalidated USDA 5-step multiple-pass method (16) , a second recall by telephone, MEC measured body height and weight, and estimates of usual intake through the method developed at Iowa State University (17) (18) (19) . We recognized that the differences in estimated fructose intake from the 1977-1978 NFCS and 1999-2004 NHANES data may be due in part to these and other methodological changes, which we cannot assess and must be viewed as limitations to the study. We therefore presented the following comparisons between the 2 studies with these differences in mind.
Estimated mean DI of fructose based on national surveillance data had increased in all gender and age groups from 1978 to 2004, consistent with trends in fructose availability. In this analysis, estimated mean DI of total fructose increased from as little as 3 g/d among women .51 y to 28 g/d among men 1922 y. Added fructose intake increased in all gender and age groups (mean of 6 to 33 g/d per gender and age group). In contrast, N fructose intake decreased 3 to 7 g/d for the various gender and age groups with the exception of children 1-3 y, among whom there was no change. The largest increase in fructose intake was among men and women 19-22 y, who evidenced a mean increase in intake of added fructose of 33 g/d and 30 g/d and a mean increase in total fructose of 28 and 26 g/d, respectively. The 1977-1978 analysis (2) found that males 15 to18 y old and females 11 to14 y old had the highest estimated intake of fructose. NHANES 1999-2004 estimates indicated that males 15 to18 y old and 19 to 22 y old took in equivalent estimated highest levels of total fructose (75 g/d), but among females, the age group with the highest intake shifted to 19-22 y.
The overall estimated mean total fructose intake as a percentage of energy also increased, from 8.1% in 1978 to 9.1% in 2004. The increase of total fructose intake as a percentage of energy is not as striking as the increase in grams per day because of the increase of 18% in overall total energy intake. Based on the NHANES 1999-2004 estimates, as a percentage of energy intake, young women 19-22 y old have the highest mean intake of added (10.2%) and total fructose (11.6%).
The overall estimated mean total fructose intake when expressed as a percentage of carbohydrate intake declined in the same period, from 18.6% in 1978 to 17.1% in 2004. The drop in fructose intake as a percentage of carbohydrate intake reflected the ;41% overall estimated increase in carbohydrate intake in this time period. 1 Values are means 6 SE. 2 Pregnant and lactating women and breast-fed infants excluded. 3 The 13 gender and age groups presented here were used by the comparison study by Park and Yetley (2) and are the age groups used in the 9th edition of the Recommended Dietary Allowances (25) with the exception that we did not include children younger than 1 year of age. This same information presented for the current Dietary Reference Intake gender/age groups (26) is in Supplemental Table 5 .
4 Source: NHANES 1999-2004 self-reported 24-h recall data from 2 recalls combined. Usual intake was estimated using C-SIDE (17-19). 5 Unweighted sample size. 6 Sums of added and N fructose may not agree with totals presented because of rounding. 7 Data for the 90th and 95th percentiles and SE for each gender/age group are presented for added, naturally occurring, and total fructose, respectively; therefore, the 90th and 95th percentiles of added and N fructose in each column will not sum to equal the total.
1232S Supplement
The 1977-1978 NFCS analysis (2) did not include the numerical results for fructose intake for body weight. These authors commented that the gender differences "observed for the DI (daily intake) disappeared when the DI was expressed per kilogram body weight" (p. 743S). The NHANES 1999-2004 data similarly showed an equalization in the gender differences in mean fructose intake by age group when body weight was the denominator. However, the difference between self-reported body weight in the 1977-1978 NFCS analysis and measured body weight in the NHANES 1999-2004 may have affected this comparison.
In the analysis of the 1977-1978 NFCS data, nonalcoholic beverages accounted for the largest percentage of total average DI of added and total fructose for all age groups with the exception of total fructose for children 1 to 3 y of age where FR were the main source. G in 1978 were the second most frequent source of added fructose, and FR were the main source of N fructose with G also predominant. The 1999-2004 data exhibited the same patterns with the exception that where G were contributing from 14-30% of the N fructose in the 1977-1978 NFCS analysis, the G group contributed only 1-4% of the N fructose in the present analysis. Across all gender/age groups, the total percentage DI of N fructose in 1977-1978 NFCS was 53% FR, 23% G, and 15% vegetables and vegetable products (V) compared with 73% FR, 3% G, and 11% V in this 1999-2004 NHANES analysis.
This study, similar to the earlier 1977-1978 analysis (2) , is limited in that the fructose content of foods required estimation. The USDA has provided a specialty database that addressed added sugars and, separately, fructose intake in common foods (27) . It would be helpful, with the current national prevalence of overweight and obesity (28, 29) , to include the composition of added sugars or at least to identify the sucrose, fructose, and Sugar consumption has come under increased scrutiny as rates of overweight and obesity in the United States have increased. Factors that can lead to overweight in America are complex. As 1 example, research has shown that the availability of food diversity has increased food intake (30) . In the United States, the diversity of foods in the marketplace continues to expand, with an average of .12,000 new grocery items introduced annually (31) . The number of different food items purchased by households has increased as food expenditures Fructose intake in the United States 1233S have increased (31, 32) , with availability of increased income spent on food to please tastes, not to meet nutritional needs (33) . Sweetener consumption is only 1 part of the complex dietary component of trends in overweight.
This article examines trends in fructose availability in the food supply and fructose intakes by gender and age group based on NHANES 1999-2004. The 2005 Dietary Guidelines for Americans (34) and the MyPyramid Food Guidance System recommend limiting "discretionary calories." USDA introduced a measure of discretionary energy consumption, which includes energy from solid fats, alcoholic beverages, and added sugars (35) , and found that average consumption ranged from 30 to 42% of energy across gender and age groups. To change food intake patterns in the United States, policymakers require an understanding of the sources of discretionary energy in American diets. We think the analysis of fructose intake in this article can provide insight into the types and sources of sugar consumption in the United States to help understand some sources of discretionary energy.
Other articles in this supplement include (15, (36) (37) (38) (39) (40) (41) (42) (43) (44) . 2 The analysis excluded pregnant and lactating women and infants. 3 The 13 gender and age groups presented here were used by the comparison study (2) and are the age groups used in the 9th edition of the Recommended Dietary Allowances (16) with the exception that we did not include children less than 1 year of age. This same information presented for the Dietary Reference Intake gender/age groups (26) is in Supplemental Table 6 . 
